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Introduction 
Oconee County lies in the northwest corner of South Carolina at the 
head of the Savannah River basin. The county is divided into seven 
County Census Divisions (CCD). These are Long Creek, Mountain Rest, 
Oakway, Salem, Seneca, Walhalla, and Westminster. The first three CCDs 
are sparsely populated comprising only 15 percent of the county 
population collectively and are not served by any public water supply 
system. The remaining four CCDs, which incorporate all five 
municipalities of the county, are served mostly by seven public water 
systems. Those areas of the county which are not served by public water 
systems are served by private wells. 
Of the seven public water systems serving the county, Coneross 
Water Treatment Plant at Walhalla intakes water from Coneross Creek, the 
town of Westminster intakes from the Chauga River, the Seneca Light and 
Water Plant intakes from Lake Keowee, the town of Salem uses ground­
water, and also purchases from Seneca. The remaining three water 
.. systems (Pioneer Water District, the town of West Union, and Courtenay 
Newry) purchase water from other systems. These water systems make 
.. 
water available for various water uses such as household, industrial, 
commercial, public or other activities of their communities within 
Oconee County except Pioneer Water District, approximately 30 percent of 
whose customers reside in Anderson County (Appendix A provides deta i ls 
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about capacities of treatment plants, storage facilities, etc., of the 
water systems). 
Some of these systems are already close to full capacity in 
meeting peak day demand and are considering increases in their 
capacities. Existing sources other than Lake Keowee are nearly fully 
utilized, but Lake Keowee has enormous potential supply for meeting any 
conceivable future municipal demand in Oconee County. Lake Jocassee, 
which is a pumped-storage facility of Duke Power Company, could also 
potentially be a new source of raw water for Oconee County. 
Most of these systems may be unable to meet future increases in 
demand from the local sources or from their existing technical or 
financial capacities. In fact, one system, the. t own of Salem, has 
recently gone bankrupt in an attempt to expand service without adequate 
planning. Concern for local autonomy and other institutional issues are 
potential barriers to achieving efficiency in water supply. 
Water Demand Forecast 
A reliable long-term municipal water demand forecast is needed in 
planning and designing an efficient water suppl y system. An investment 
in water supply planning activities without a reasonably accurate water 
demand forecast of the region may result in eit her over investment of 
large amounts of money, diverting it from othe r critical needs, or the 
.... 
failure of water supply systems to meet the region's demands. While 
forecasting water demand is admittedly a risky business,. it is 
imperative that forecasts be made; and they should be made with the best 
information and techniques available at that time. 
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Existing estimates of future water requirements are based mostly on 
the projected population and an assumed quantity of per capita use, 
ignoring the effects of price, income, employment and oth~r factors. 
Although short run price elasticities of demand for water supply have 
been estimated to be in the vicinity of 0.2, implying that as price 
increases, reduction in quantity demanded is much less than proportional 
to the increase in price, prices have significant impact on quantity of 
demand of water in the long run. The income elasticities of demand for 
water are found to be positive, implying that per capita usage of water 
increases with the rise in income. Increases in employment and number of 
establishments also increases the industrial water demand. Thus, it is 
imperative to utilize a forecasting approach which considers other 
factors affecting water demand besides population for making a reliable 
water demand forecast. Such an approach is incorporated into a 
computerized forecasting model called "IWR-MAIN Water Use Forcasting 
System, Version 5.1." 
The IWR-MAIN model 
The original version of the IWR-MAIN model was developed by Hittman 
Associates, Inc., in 1968. Later, the Institute for Water Resources 
(IWR) of the U.S. Army Corps of Engineers further developed the IWR-MAIN 
model and modified it for easy access on personal computers. In the past 
... 
22 years, 13 different versions of the model have been developed. The 
first three versions were developed by Hittman Associates, Inc., in the 
late 1960s and the last 10 versions were developed by the IWR of the 
U.S. Army Corps of Engineers. 
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The software package utilized in this study is the latest version 
of this model developed in 1988 and is called IWR-MAIN Water Use 
Forcasting System, version 5.1. This model has demonstrated its ability 
to reproduce the level and pattern of water use in a selected year, 
based solely on demographic and socioeconomic data for more than a 
dozen places · (see Dziegielewski and Boland, 1989). 
The IWR-MAIN can provide forecasts for four major sectors of 
municipal water use: (1) residential, (2) commercial/institutional, (3) 
industrial, and (4) public and unaccounted uses (includes mainly free 
services and distribution losses). Projections can be made for each 
future time period by making water demand a function of population, 
price of water and sewer service, market value of housing units (in 
residential category), weather conditions or cl i mate, and number of 
employees (in nonresidential categories). Figure 1 outlines the data 
requirements and the general procedure for deriving disaggregate water 
use estimates. Figure 2 shows major components of the IWR-MAIN 
Forecasting Procedure (both figures were copied from Dziegielewski and 
Boland 1989). 
Forecast Level and Duration 
Most water systems operating in Oconee County are already connected 
or in the process of being connected through a water pipe network. Thus, 
excess demand in one supply region can be easily met by the excess 
supply of the water systems serving other regions of the county. 
Therefore, water demand forecast at the county level for four major 
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Season Use • Other 198 Categories 
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Figure 1 
IWR-MAIN Procedure and Data Requirements for Estimating Water Use 
Source: Dziegielewski and Boland (1989). 
6 
VERIFICATION 

























Water Use Water Use 
Figure 2 
Major Components of the IWR-MAIN Forecasting Procedure 
Source: Dziegielewski and Boland (1989). 
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for this study. Moreover, the essential input data such as market value 
of housing units, commercial and industrial employment are not available 
at subcounty or CCD level. However, the county level forecasts are 
diaggregated to CCD level under some assumptions and presented in 
Appendix B through Appendix E. 
The long-term water demand forecasts are less reliable than short 
term forecasts, because essential input for water demand forecasts such 
as demographic and economic projections are less reliable in the long 
than in the short-term. Since engineers typically cite 30 years as the 
life expectancy for water pipes and mains, water systems planning · 
investments need to be considered for about 30 years, and therefore water 
demand forecasts are made for 1990, 1995, 2000, 2005, 2010, 2015, and 
2020. 
Projection Models and Data Sources by Sectors 
The IWR-MAIN system provides three alternative methods for 
projecting future values of the water use determinants. These are 
(1) Projection by internal growth models, (2) Projection by 
extrapolation of historical data provided by users, and (3) Use of 
projections made external to the IWR-MAIN system, as provided by 
the user. These methods have different data requirements and 
advantages. However, due to the limits imposed by data availibility 
and the characteristics of the study area, projection by internal 
growth models was utilized in this work. 
The minimum data required to be supplied by the user in this 
projection method and the data sources are as follows: 
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(1) Base year (1985) population and projected population for the 
forecast years. The population for all the years except for 2020 was 
obtained from population projection by McLean et al. (1989). The 
population for 2020 was obtained by extrapolating McLean et al.'s 
projection 
(2) Latitude and longitude of the study area. This was obtained 
from geographical map 
(3) Median household income for the base year and forecast years. 
The base year income was obtained from "South Carolina Statistical 
Abstracts." The incomes for forecast years were estimated using growth 
rate calculated from OBERS projection for the Greenville-Spartanburg MSA 
(BEA 1985). It should be noted, however that the OBERS projection is 
for a multi-county economic sub-region of which Oconee County is only 
one part. Consequently, the projections used in this analysis assume 
median household income in Oconee County retains the same fractional 
relationship to median family income in the entire sub-region as it has 
displayed in the past. 
(4) Commercial and industrial employments for base years and 
forecast years. The base year employments were obtained from County 
Business Pattern (1985). The employment data for forecast years were 
estimated using growth rate calculated from OBERS projection for the 
Greenville-Spartanburg MSA (BEA 1985). Use of the OBERS projection for 
employment poses the same problem noted above with regard to median 
household income. The same general assumption has been made--i.e., 
employment, by industry, in Oconee County remains a constant fractional 
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share of total employment in that industry in the OBERS sub-region. 
(5) Number of single family occupied housing units within the 
specified value range for base year. This information was estimated 
from 1980 Census of Housing, assuming housing distribution within the 
specified value range remains in same proportion in base year (1985) as 
observed in 1980 and all residential water users are single family 
housing units that are metered and sewered. 
(6) Marginal price of water and sewer and bill difference for base 
year. Although water rates and sewer rates of different water systems 
are different, the marginal price of water and sewer and bill difference 
were calculated from the Seneca Water System's out of city water rates, 
because these are the most common rates in the county. Since the price 
of water varies at different blocks, the marginal price of that block 
which covered the quantity of average monthly household consumption was 
selected. The average monthly household consumption was estimated by 
multiplying household size (2.94) by assumed per capita monthly 
consumption (2,400 gallons). The bill difference was calculated by 
taking the difference in a consumer's total bill for estimated monthly 
consumption of water and what would be charged if all units of water 
were sold at the marginal price. 
Results 
.. 
The municipal water demand forecasts by major sectors were made for 
the base year 1985 and from 1990 to 2020 in five year increments. 
However, for the sake of simplicity, water demand forecasts are reported 
and analyzed only for 1990, 2000, 2010, and 2020. 
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Table 1 summarizes projections of population, and average and 
peak day municipal water demands for Oconee County (also shown in Figure 
3). The population of Oconee County is expected to increase by about 
38.5 percent between the years 1990 and 2020. The average and peak day 
demands are expected to increase by 75 perc~nt and 95 percent 
respectively · over the same period. This implies that per capita water 
demand increases over time due to the increase i n household income and 
increase in employment in the commercial and industrial sectors. 
Table 2 and Figure 4 present the county municipal water demand 
forecasts by major sectors. Reading across the columns of Table 2 
reveals average daily demand forecasts for different years of a 
particular water use sector and reading down the rows reveals the share 
of different sectors and the total municipal demand for a particular 
year. 
Table 2 shows that the share of residential water accounts for 
over half of the total municipal water use for all forecast years. This 
is especially true in a rural area where few industrial and commercial 
activities exist. Moreover, this pattern is also supported by 
information compiled in the USA (Howe and Linaweaver 1967) and in 
Australia (Hanke and Smart 1979). However, it should be remembered that 
these projections are a best estimate of what can be conceived if there 
are no policy changes of an unforeseen nature or magnitude. These 
forecasts are for unrestricted water use, that is, without incorporating 
any conservation measures. Any water conservation measure may change 
the consumption pattern. Similarly, the new location of any large 
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Table 1 
Population and Water Demand Forecast, Oconee County, SC, (1990~2000) 
(demand in 1000 gallons/day) 
Year Populationa Average Day Peak Day 
1990 56,400 8,565 11,376 
2000 63,800 12,200 17,848 
2010 70,700 13,956 20 I 714 
2020 78,100 15,000 22,168 
% Increase 38.5 75.1 95.0 
(1990-2020) 
a The population for other years except for 2020 was obtained from 
population projection by McLean et al. (1989). The population 
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Table 2 
Average Daily Municipal Water Demand Forecast by Major Sectors 
Oconee County, South Carolina (1990-2020) 
(in 1000 gallons/day) 
Percentage 
Year 1990 2000 2010 2020 Increase 
Sector (1990-2020) 
Residential 5436 8371 9761 10538 93.4 
Commercial/ 
Institutional 292 342 382 405 38.7 
Industrial 1259 1325 1352 1401 11. 3 
Public/ 
Unaccounted 1578 2162 2461 2656 68.3 
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industry or commercial center development in the region can easily 
change the forecast pattern of a small area. The public/unaccounted 
water use forecasts represent about 18 percent of the total municipal 
use. This forecast is based on the distribution losses and free service 
using the IWR-MAIN default library coefficient of 17.65 percent of water 
use. 
Table 3 and Figure 5 present the peak day municipal water demand 
forecast in similar fashion as average daily demand presented earlier. 
The peak day demand was determined by the model on the basis of 
maximum day evapotranspiration, summer season precipitation, housing 
density, etc. The peak day forecasts are useful in selecting the 
capacity of distribution lines, treatment plants, and storage 
facilities, etc. Notice that the total peak day demand of municipal 
water demand forecast is less than the sum of the peak day demands of 
different sectors because peak day demands in all sectors need not occur 
on the same day. Also, comparing Tables 2 and 3, it is found that the 
percentage difference between peak day demand and average daily demand 
is highest in the residential sector. 
Limitations of the Study 
The IWR-MAIN model is capable of performing highly disaggregated 
forecasts of future water use based on a moderate quantity of data. 
The forecasts are internally consistent with base year data and 
assumptions about future income and employment. It is realized, however, 
that there can be questions raised about the accuracies of some of the 
base year data and the assumptions utilized in this study. 
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Table 3 
Peak Day Municipal Water Demand Forecast by Major Sectors 
Oconee County, South Carolina (1990-2020) 
(in 1000 gallons/day) 
Percentage 
Year 1990 2000 2010 2020 Increase 
Sector (1990-2020) 
Residential 8247 14012 16517 17707 114. 7 
Commercial/ 
Institutional 345 403 450 477 38.3 
Industrial 1259 1325 1352 1401 11. 3 
Public/ 
Unaccounted 2083 3168 3665 3933 88.8 
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Although attempts were made to · obtain base year data from operating 
water systems, it has proven impossible to acquire base year data on 
water use, number of metered and sewered residential customers, master 
metered apartments etc., and distribution of housing units in property 
value ranges from all water systems in Oconee County. The fact is that 
in some case-s these data are simply not known. 
Similarly, assumptions required to make use of the OBERS 
projections are naive. In effect, it was assumed that income and 
employment growth in Oconee County will, in all cases, be proportional 
to income and employment growth in the OBERS sub-region of which Oconee 
is a part. However, the recent development of retirement-based 
communities in the county suggests that these assumptions are probably 
not valid in anything more than a gross way since new sources of income 
and new employment sectors are being introduced into the county. 
Such limitations would be of serious concern if the forecasts 
presented here were taken to be firm estimates of projected water demand 
in Oconee County. However, they need not be so taken. Instead, they 
should be considered a starting point for performing sensitivity 
analyses with varying demands in the mathematical model being developed 
for determining an economically efficient, politically viable, and 
socially acceptable water supply plan. The mathematical model will 
allow planning exercises to be undertaken using various sets of demand 
forecasts. A variety of such exercises will need to be undertaken to 
test the sensitivity of planning outcomes to demand forecasts that 
differ from the starting point forecasts presented here. 
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The value of these forecasts lies not only in their specific 
magnitudes but also in demonstrating the capabilities of the IWR-MAIN 
model and its limitations, given limited availability of existing base­
year data and projections of vital inputs. Since, the IWR-MAIN model 
requires no past water use data, it is necessary to compare the IWR-MAIN 
estimate of base year water use to actual water use data for model 
calibration purposes where ever possible. If the use of the internal 
growth model does not provide satisfactory projections, projection by 
extrapolation or external projection methods should be tried. 
Forecasts made in this study are not directly comparable to the 
actual water consumed in the area served by the public water systems. 
Since information is not available to make forecasts strictly confined 
to the area served by the systems, it is not possible to calibrate the 
model in the strict sense. However it is observed that the per capita 
daily (96 gallons) and peak day (146 gallons) residential water demand 
forecasts for 1990 and the corresponding figures obtained from water 
systems' 1989 records are comparable. In that light, it appears that, 
even with the gross assumptions required to use the IWR-MAIN model, it 
performs rather well in forecasting water demand in the county. 
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Summary and Conclusions 
The water demand forecasts made in this study are only a 
conditional prediction of an expected future provided that the 
underlying assumptions prove correct. These forecasts are a best 
estimate of what can be expected from the information available. The 
forecasts are not a goal and they should be updated whenever more 
information becomes available. However, these f orecasts are considered 
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Characteristics of Water Systems, Oconee County, 1989 
Treatment 
StorageWater PeakAnnual Capacity~ Intake/Purchases No. of Water Total Capacity w WithdrawaVPurchase DayAverage (mgd)(mgd) (mgd)Source Storage Sites Sites!Peak Average . (mgd) 
Lake Keowee 4.0 7 1.7Seneca Light & Water Plant 5.0 1 3.75 5.0 8.0 
1.4 Coneross Creek 3 1.05Town of Walhalla 3.5 2.161 1.33 3.0 
Chauga River 1.4452.1 1.9 5Town of Westminster 4.01 
Seneca wrP NANA 0.02Courtenay/ Newry NA NANA NA 
NANA NA NATown of Walhalla0.025 NATown of West Union .03 
Seneca and 
Westminister1.44 2 0.65Pioneer Rural Water Dist. 1.90 NANA NA NA 
-
Ground water and 1 0.1Town of Salem 0.60 0.53 NANANA NA 
Seneca 





Average Day Residential Water Demand· Forecast by CCD 
Oconee County, South Carolina (1990-2020)* 
.. 
(in 1000 gallons/day) 
Percentage 


















































* CCDs forecasts are made by disaggregating county forecasts in the 
• proportion of projected county poulation in each CCD . 
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Appendix C 
Peak Day Residential Water Demand Forecast by CCD 
Oconee County, South Carolina (1990-2020)* 
(~n 1000 gallons/day) 
Percentage 
Year · 1990 2000 2010 2020 Increase 
Sector (1990-2020) 
Long Creek 239 378 397 390 63.2 
Mountain Rest 223 350 393 389 74.4 
Oakway 792 1331 1553 1665 110. 2 
Salem 363 561 611 584 60.9 
Seneca 3142 5465 6607 7242 130.5 
Walhalla 2185 3769 4493 4887 123.7 
Westminster 1303 2158 2461 2550 95.7 
Total Residential 8247 14012 16517 17707 114. 7 
• CCDs forecasts are made by disaggregating county forecasts in the 
t proportion of projected county poulation in each CCD. 
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Appendix D 
Average Day Nonresidential Municipal Water Demand Forecast by CCD 




Year 1990 2000 2010 2020 Increase 
Sector (1990-2020) 
Seneca 775 833 867 903 16.5 
Walhalla 388 417 434 452 16.5 
Westminster 388 417 433 451 16.2 
Total Nonresiden. 1551 1667 1734 1806 16.4 
* Nonresidential municipal includes commercial/institutional and 
industrial. Forecasts at CCD level are made allocating 50 percent of the 
county nonresidential water to Seneca and 25 percent each to Walhalla 
and Westminster. This allocation is just a rough guess and will be 





Peak Day Nonresidential Municipal Water Demand Forecast by CCD 
Oconee County, South Carolina (1990-2020)* 




Year 1990 2000 2010 2020 Increase 
Sector (1990-2020) 
Seneca 802 864 901 939 17.1 
Walhalla 401 432 456 470 17.2 
Westminster 401 432 455 469 17.2 
Total Nonresiden. 1604 1728 1802 1878 17.1 
* Nonresidential municipal includes commercial/institutional and 
industrial. Forecasts at CCD level are made allocating 50 percent of the 
county nonresidential water to Seneca and 25 percent each to Walhalla 
and Westminster. This allocation is just a rough guess and will be 
revised after more information at CCD level becomes available. 
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